Abstract-
INTRODUCTION
In the current technological era, people life continues to develop and change. The life of modern society today is very dependent on technology and the science. The development of knowledge will be achieved along with the development of education that is applied. The development of science will later be used to understand the environment, health, economy, and the problems faced. Therefore, the education applied is expected to be able to increase the competencies needed by students to be able to fulfill their life's needs in all changes in the situation. The students' competencies will be able to shape themselves to learn more and be useful for themselves and the life of people who are influenced by the development of science and technology [1] .
Education that is able to form individuals who want to learn more and provide benefits for themselves and society will be achieved if each individual learner has scientific literacy skills. The word scientific literacy derives from the word Literatus and scientia. Literatus means letters, literacy, and education. While scientia means science knowledge [1] . The definition of science literacy according to PISA 2015 is the ability to use science knowledge, identify questions, and draw conclusions based on data or evidence, to understand and make decisions related to nature and its changes. According to PISA 2015, scientific literacy consists of domains that can be used as an assessment of one's scientific literacy abilities. These domains are domains of knowledge, context, competence, and attitude. Knowledge domain consists of content, proceed, and epistemic knowledge. The competency domain consists of explaining scientific phenomena, evaluating, designing scientific investigations, interpreting data and concluding conclusions. Attitude domains consist of interest in science, valuing approaches through scientific inquiry and environmental awareness. The three domains are packaged in a context that consists of personal, local/national, and global [2] .
The domains of scientific literacy will form individuals who are critical, innovative, creative, and competitive in the world of work, and able to survive and resolve problems faced regarding scientific technological aspects. Student's knowledge will build content aspect of scientific literacy, content knowledge is scientific knowledge that important to human life and environment, natural resources, human health, limit of science and technology application. Scientific literacy will form individual that ready and have participant in discussion about social problems. Scientific literacy also can increase student ability to take an important decision in their life. Component of scientific literacy included scientific process, way of thinking, and practice that interconnected to find admission scientific solution, explain scientific phenomena used scientific evidence to take conclusion and implication, et al. [12] .
However, Indonesian students' scientific literacy skills are still relatively low. Based on the results of the prestudy conducted at SMA Negeri 1 Gedeg Mojokerto stated that scientific literacy skills for several domains are knowledge, competence and context of students on average classified as poor and not good. In the domain of knowledge, 28.20% students are still lack in compiling scientific experiments. In addition, the results of the prestudy also informed that 46.67% of students did not understand the benefits of the material learned in class in daily life. According to TIMSS, the low level of literacy skills of Indonesian students can be influenced by the quality of the school, the curriculum, and the quality of teaching [1] . Some studies show that the ability of teachers to apply science learning that is in accordance with the nature of science is still very weak. One of the studies that support this statement is the research conducted by Budiastra found that increasing the ability of teachers in planning learning and teaching science through inquiry [1] . These conditions demand an improvement in the science learning process carried out at school.
Improvements can be started by compiling learning that is well prepared. In this case the teacher can choose the appropriate learning method and source as one solution to train scientific literacy. Student learning resources that are able to train scientific literacy skills are learning resources that are able to meet scientific literacy assessment criteria, among others: contain concepts that are broader than the concepts required in the curriculum, contain information in various forms of presentation that must be processed in advance by students who will answer it, scientific literacy questions must make students process information in questions, then the questions can be in the form of multiple forms such as multiple choice, essay, or even the contents and questions of scientific literacy must include context application. Material selection in training scientific literacy will also influence. Therefore, the selection of the material used is based on PISA 2015 relating to the content knowledge domain.
In PISA 2015, the content used has a principle that the concept being tested must be relevant to the real situation of daily life [2] . The material also has a very close relationship with our daily lives and that this concept is an important knowledge that long-term use. Based on these two principles, one material that is suitable to use is chemical bonding material. This is because the material of chemical bonds is closely related to everyday life. One real example is the fact that sugar is easily melted when heated. These properties turned out to have links to the chemical bonds that make up sugar.
In addition, chemical bonds also fulfill the second principle. This is because in the basic competencies that is to be achieved, this material explains the differences in ionic bonds, covalent bonds, coordination covalent bonds and metal bonds and their relation to the nature of substances. These concepts will certainly still be used for several years to come because in reality the theory of chemical bonding can be used as a basis for consideration of the selection and development of a material such as building materials because chemical bonds can affect the nature of a substance.
Based Solfarina [13] said that chemical bonding material have characteristic that are abstract because it included microscopic level that can't observed, like process of ionic bonding and covalent bonding formation. The matter also has principles formation of cation, anion, covalent compound, ionic compound those need to be awarded by students. Chemical bonding matter also very applicable because it can used to explain that relate with chemical bonding. The problems of course not far from daily life. Based on the pre-study conducted at SMA Negeri 1 Gedeg Mojokerto shows that 63.34% of students experience difficulties in the material. One of the reasons is that chemical bonds are a lot of memorized material and only contain abstract theories. Even 60% of students said they did not know the benefits of studying chemical bonds. Based on the results of interviews the chemistry teacher stated that during this time the material of chemical bonds was only taught theories without the existence of practicum that could support students' understanding.
Based on the problems described, the delivery of material on chemical bonds requires good planning in order to train scientific literacy. Preparations are made to prepare learning tools that can train students' scientific literacy. Based on research conducted by Vienurillah, it is shown that the development of appropriate scientific literacy worksheets in submersion of factors that influence the rate of reaction can improve the scientific literacy of students [3] . The results of this study show that the literacy ability of students who initially got an average score of 1.92 with an incomplete category in the pretest then experienced an increase that students got an average score of 2.90 with the complete category when posttest . Therefore, the researcher develops a tool in the form of a decent scientific literacy worksheet so that it can train scientific literacy in the material of chemical bonding. The other research conducted by Aisha [10] , it is shown that student worksheet oriented scientific literacy developed is feasible as learning media. This research used 4D method. Result of this research are theoretic feasibility of student worksheet in content criteria is 86.27%. The percentage of feasibility in presentation criteria is 87.18%, and in language criteria is 86.67%. But, in this student worksheet develop minimum of material from other literacy like scientific article that relate material. In the research conducted by Nawangati [11] , it shows that the Student worksheet is oriented scientific literacy can train literacy skills in good and theoretical material. Research conducted by Ramdaniyah [15] showed that learning using science literacy worksheets applied with guided inquiry models was able to improve students' scientific literacy skills, especially for competency domains. The results showed an increase in each literacy, namely a phenomenon that explained the actual occurrence of 0.64 with moderate conv. 0.78 with high criteria.
The developed worksheets are made as attractive as possible and contain problems related to chemical bonds that are interesting and include domains of scientific literacy, namely context, competence, knowledge and attitude. The problems listed in student worksheets are problems that occur in everyday life where in the solution can be searched by applying the theory of chemical bonds obtained at school. This worksheet is expected to motivate students to learn and can train students' scientific literacy so students are ready to face the demands of the outside world today.
The development of appropriate scientific literacy worksheets will be reviewed based on validity and practicality. The validity of student worksheets is reviewed based on content and structure. Content validity
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includes suitability with the Basic Competencies proposed by the curriculum, suitability with students' cognitive development, correctness of substance and material, and conformity with all four domains of scientific literacy including domains of knowledge, competence, context, and attitude. The construct validity assessment is reviewed based on presentation, graphics and language such as clarity goals to be achieved, order of presentation, display design, layout, effective use of Indonesian language, motivation and attractiveness, etc. The practicality of the student worksheets will be reviewed based on ability can lead to interest and interest for students, ease of use, and ability to motivate students to learn.
II. METHOD
Development of scientific literacy worksheets on chemical bonding material using the 4-D development model by Thiagarajan et al. [4] This model consists of 4 stages, namely define, design, develop, and disseminate . But in this study is restricted to the stages develop (development). The phase diagram of the development of scientific literacy worksheets on chemical bonding material is shown in Figure 1 . The instruments used to determine the validity of the worksheets developed are the study sheet and validation sheet. Review sheets are used to provide suggestions / input for student worksheet. The input provided is in terms of both content and construct. Scientific literacy worksheets are reviewed by a chemistry lecturer and validation sheets are used to provide an assessment of student worksheets in terms of both content and constructs. The instrument used to determine the practicality of the developed worksheets was a student response questionnaire that would be given to 15 students at the end of the trial activity. This response questionnaire statement was supported by an observation sheet of student activity so that the data obtained was more accurate. The results of the study data were then analyzed descriptively. The results of the study were then used to correct the lack of scientific literacy worksheets on the material of chemical bonding so that draft II was obtained. After repairs, the student worksheet was validated by 2 chemistry lecturers and 1 chemistry teacher at SMAN 1 Gedeg Mojokerto. The validation results data were analyzed quantitatively descriptively. The results of the analysis of each criterion will be presented in the form of a percentage based on the calculation of the Likert scale in Table 1 . The formula used in calculating the validation results to obtain percentages is:
Criterion score = highest score per item x number of aspects x number of respondents Then the results of the calculation are interpreted in accordance with Table 2 . [5] The results of the student response questionnaire data will also be processed in a quantitative descriptive manner. The results of the response questionnaire are presented in percentage form based on Guttman scale calculations in table 3. The data obtained is calculated by the formula:
= 100%
Description: P = percentage of respondent's answers F = number of answers "yes" to positive questions or number of "no" answers to negative questions N = number of respondents
The results of this student response questionnaire analysis are then categorized into the appropriate score interpretation criteria in table 4 below. 
A. Defining (Define) 1) Front-end Analysis
This front end analysis includes an analysis of the curriculum and demands in the future. The curriculum used in SMAN 1 Gedeg Mojokerto is the revised 2013 curriculum. Science literacy can be trained by adjusting the 2013 curriculum demands, namely on the basic competency 3.5 that students are expected to be able to compare ionic bonds, covalent bonds, covalent bonds, coordination, and metal bonds and their relation to the nature of substances. In addition, basic competence 4.5, namely students are required to design and conduct experiments to show the characteristics of ionic compounds or covalent compounds based on several physical properties [6] .
Basic competencies 3.5 train the domain of scientific literacy knowledge. Based on these basic competencies, the worksheets are arranged by displaying phenomena and students are asked to identify the type of bond by connecting the concepts with one another related to ionic bonds and covalent bonds.
Basic competence 4.5 with indicators that students can design and conduct experiments to show the characteristics of ionic and covalent compounds based on their physical properties and students conduct experiments to show the characteristics of ionic and covalent compounds. These indicators are in accordance with the competency domain because students are trained to have competence in evaluating and designing scientific investigations. Therefore, student worksheets are prepared by training students to design experiments based on a scientific phenomenon. In addition, this indicator also reflects the attitude domain that is located when experimenting. The attitudinal domain is an appreciation of scientific inquiry and an interest in science. Finally, the context domain is contained because in the experiment, students will know the usefulness or application of the knowledge they have learned.
2) Student Analysis
The things that are analyzed include the characteristics of students, namely students' cognitive development and the scientific literacy abilities of students related to learning material. Worksheets are developed taking into account the cognitive development of students so that students can solve the problems presented. Students can reason logically and think abstractly by linking the material learned in the classroom to the application of science. The test results of scientific literacy questions that were carried out before students worksheets were developed showed that students' scientific literacy skills at SMAN 1 Gedeg Mojokerto tended to be poor. Based on the results of the questionnaire distributed, it also shows that 60% of students do not know the benefits of learning chemical bonds for everyday life.
3) Concept Analysis
Researchers identify the main concepts that students will learn, compile them in the hierarchy and break them down into concepts that will be studied. Based on the curriculum, students are expected to be able to distinguish between types of ionic and covalent bonds. The concept of ionic bonds contained in the students worksheets is in the form of reading material supported by practice questions to deepen understanding of the concept. The concepts taught in ionic bonds include ions, ionic bonds, cations, and anions. In submersion covalent bonds, the concepts to be taught are covalent bonds, single covalent bonds, duplicate, triplicate, polar covalent bonds, and non-polar covalent bonds.
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. The analysis is done by detailing the scientific literacy domains that will be trained which are directly combined with the material in the form of an outline. The basic competencies that have been determined in the 2013 curriculum are elaborated in detail into several indicators that are associated with the domains of scientific literacy.
5) Formulation of Learning Objectives
Concept analysis and task analysis are changed into goals to be achieved. The learning objectives to be achieved for students are as follows: (i) Students can determine the ionic bond and the covalent bond that is owned by a compound that is presented in the phenomenon correctly. Students can conduct experiments to prove the characteristics of ionic compounds or covalent compounds based on several physical properties based on the design that has been prepared in advance properly and correctly.
B. Planning (Design) 1) Selection Media
The selection of media and equipment is adjusted to the objectives to be achieved. Based on the goals that have been determined, the researcher chooses student worksheets which will be developed as a learning tool that bridges the achievement of goals.
2) Format selection
When compiling student worksheets, we need to pay attention to several things, namely the appearance, easy language, test understanding, stimulants, ease of reading, and instructional material (selection of study materials). Therefore, by considering these matters, the format chosen for compiling science literacy oriented worksheets is the title, basic competencies to be achieved, information about bonding material, work steps such as the use of worksheets, tasks to be carried out along with instructional sentences in workmanship [7] .
C. Designing the initial design
The student worksheets are sheets containing titles, basic competencies to be achieved, instructions, supporting information, tasks and work steps, and assessment, the student worksheets developed will consist of three main parts, namely introduction, content, and closing. The introductory section includes the title, basic competencies to be achieved, and instructions. The contents section consists of supporting information, tasks and work steps. The closing section is a bibliography and attachments. Display of student worksheets regarding one domain of scientific literacy is shown in Figure 2 . 
C. Development ( Develop) 1) Review and Validation
At the review stage, the reviewers gave some of their dynamics input on the layout, the appearance of the student worksheets to make it more dancing and choosing the color of the writing that corresponded to the background color. The design of the appearance of attractiveness in the location is important to note because it can motivate students in learning [7] . Enter other forms of truth in the phenomena used in student worksheets so as not to make misconceptions for students and the preparation of learning objectives contained in the student worksheets in accordance with the principles of Audience, Behavior, Condition, and Degree. This is because the preparation of the right objectives will determine the preparation of the material in the student worksheets therefore the learning objectives used must be clear [7] .
After the student worksheets was reviewed and corrected, Draft II was obtained, which was then validated by chemistry lecturers and teachers. The validity of student worksheets is viewed from the content and structure [8] . Content validation contains several aspects including suitability with the curriculum, suitability with the child's age development, compatibility with the domains of scientific literacy, and the truth of the substance of the material. The construct validation is seen based on presentation, graphics, and language [7] . Validation results are shown in table 5. Based on Table 5 shows that the percentage for suitability of student worksheets with Basic Competence is 91.11%, very valid. The material included in the worksheets has been adapted to the curriculum which states the basic competencies for class X chemistry one of them is 3.5 Comparing the process of formation of ionic bonds, covalent bonds, covalent bonds of coordination, and metal bonds and the interaction between particles (atoms, ions, molecules) relation to the physical nature of matter [6] . However, in this study the material was limited to submersion of ionic bonds and covalent bonds and their relationship to the physical properties of matter.
In the suitability criteria with students' cognitive development, 80% results are obtained. The student worksheets developed was adapted to Piaget's cognitive development theory, that at that age the child was in the formal operational stage so that he could think abstractly, had reasoned thinking, and made conclusions based on the data he had [9] . It's just that this ability needs to be trained. Therefore, it is appropriate that high school student of class X to be given scientific literacy worksheets on chemical bonding material. Among other aspects, aspects of conformity with students' cognitive development get the lowest results. The low percentage results are because the developed worksheets are considered less considering the determination of the phenomena raised. One of the phenomena raised in student worksheets is a phenomenon that is too foreign to students. According to Nasution, experiences that are too foreign to children will affect the student accommodation process. The inhibition of this accommodation process will affect students' cognitive development [1] .
The developed worksheet is said to be 82%, very valid for conformity with scientific literacy. The worksheet requires students to know the conditions in which a situation occurs or the application of the concept of chemical bonding occurs. The scope of the phenomena related to chemical bonds is personal, national, and global. However, 18% of the validator's assessment said that student worksheets was lacking because the scope used was too focused on the personal and national context. As for global issues, they have not been properly represented.
On the presentation criteria, the interaction aspect means providing stimulus and response to students. The provision of stimulus means stimulating students to do learning in accordance with what is expected in basic competence and learning goals [1] . Because of that students are stimulated by adjusting chemical characteristics in daily life. The material learned is related to everyday life so that it stimulates students to learn it. However, the interaction aspect is the lowest aspect of assessment. Based on Table 5 shows that 26.66% assessed student worksheets developed can't provide good stimulus because there are phenomena that do not provide usefulness to students in everyday life so that it affects the activeness of students to learn it [1] .
On linguistic criteria, it is known that the clarity of information gets a percentage of 73.33%. This percentage is classified as valid and 26.67% is declared invalid [5] . This invalidity is due to the use of terms that are considered quite foreign to high school students of class X such as the term demineralization, pH, and refractory. The use of the term should consider several aspects of student development so that it can be easily understood [1] . In aspects of the use of clear and concise language included in the category of very valid. Aspects of the use of clear and concise language get the highest percentage compared to other aspects because the student worksheets developed has been in accordance with the Ministry of National Education which states that in the preparation of the sentence made not too long. The number of words used is not more than 25 words and for one paragraph the number of sentences used is 3-7 sentences [7] .
In the graphics criteria, aspects of font usage, type and size, layout or layout, and display design successively obtain 86.67%; 93.33%; and 93.33%. The use of fonts, types and sizes in the Worksheet is in accordance with the requirements for the preparation of printed teaching materials proposed by Steffen-Peter Ballstaedt, namely ease of reading which includes the use of letters that are not too small and easy to read [7] . However, the validator rate of 13.33% is declared invalid because some writings on student worksheets use a font size that is considered too small. 2) Limited trials. Limited trials were conducted at SMA Negeri 1 Gedeg Mojokerto. The sample taken was 15 students. This trial is used to find out the practicality of the developed worksheets. According to Nieveen and Toharudin & Hendrawati, it is explained that worksheets oriented to literacy in the material of chemical bonds are said to be practical if they meet aspects that can generate interest and interest for students, easy to use, and can motivate students to Table 6 . Science literacy oriented worksheets on the material of chemical bonding can be said to be practical because it gets a positive response from the user of between 73% to 100%.
On question no. 1 shows that students strongly agree that the developed worksheets are in accordance with the material of chemical bonds. The percentage obtained is 100%. This compliance is in accordance with the validation results of the validator. Validator states very valid for aspects of conformity with basic competencies in the material of chemical bonds.
In terms of interest and attractiveness, the worksheets that were developed received a positive response as seen from the students' answers regarding the attractiveness of student worksheets to questions no. 9, 11, and 12. The percentages obtained for each question in a row are 100%; 93%; and 93%. The student worksheets are presented with a picture display, a good background that can attract students to learn it. Development of an interesting learning tool is one of the efforts to create enjoyable learning. In terms of convenience in its use, worksheets oriented to scientific literacy in the material of chemical bonds are also said to be practical by students. This can be seen from question no. 2, 4, 5, 6, 10 and 13 which are included in the responding and very responding categories. The percentage obtained in a row is 80%; 100%; 73%; 100%; 93%; and 93%.
In question 2, students state that the worksheet given is easy to understand. This statement is supported by questions 4, 5, 6, 10 and 13. Student worksheets can be easily understood because it is supported by language usage, supporting images, font types, terms, formulas, and symbols used in student worksheets are clear and easy. According to Weidenmann states that images can provide a better understanding when compared to information that is only in the form of text or writing [7] . In addition, the developed student worksheets is said to be practical because the preparation has included instructions for use [7] .
Dealing with Question 5, 27% of students gave a negative response by assuming that the terms in student worksheets were difficult to understand. Understanding of terms in worksheets that are poorly understood by students is when reading the phenomena presented in the student worksheets. In this phenomenon several terms emerged that they did not recognize. This is because all this time learning material in chemical bonds is only a theory that is rarely associated with its application. This statement is supported by the results of observations of student activities while using student worksheets. Table 7 is the result of observations of student activities at the first meeting. Based on table 7 it can be seen that in the first meeting it was described that students needed a long time, which was 6.67% to observe and read and 6.67% to identify the problems presented in the student worksheets. This is related to the ability of the context domain students are still lacking.
In addition to the aspects of attractiveness and convenience, the thing that needs to be considered again is the aspect of the ability of student worksheets to motivate students. Based on table 4.7 question no. 3, 7, 8, and 14 are questions that represent students' opinions on worksheets because they can motivate them to learn. The percentage obtained in a row is 100%; 20%; 100%; 100%; 87%; and 80%.
In the 7th statement in table 6, the results obtained amounted to 80%. This shows that 20% of students consider that the worksheets developed cannot generate their motivation in learning. Students assess that the developed worksheet can provide motivation to learn. Experiment activities carried out can provide a real picture of the material. This makes students motivated to study chemical bonding material. Experiment activities carried out are able to stimulate students to be enthusiastic in learning science. This statement corresponds to PISA 2015 on domains of scientific literacy attitudes that students are expected to have an attitude of interest in science [2] . One manifestation of interest in science is students curiosity about science issues. As for one of the issues raised in student worksheets is an environmental issue that exists in everyday life. This is supported by the results of observations of student activities at the second meeting shown by table 8 Based on the data in table 8, it is known that at the second meeting (ion bonding material) the percentage of analyzing activity was 13.33% then at the next meeting (covalent bonding material) the percentage of activity was 10%. This shows students' enthusiasm for learning so that activities take place faster than before.
Students argue that the developed worksheets can help them become more active in teaching and learning activities. Experiment activities carried out make learning more active. Students are guided actively to design experiments, conduct experiments with the help of developed student worksheets. The results of observations of student activities show a higher percentage of learning activities than irrelevant activities. The most dominant learning activities are designing and conducting experiments. Based on the data in Tables 7 and 8 , the percentage of designing and conducting experiments at the first meeting was 13.33% and 6.67%, and at the second meeting was 36.67%.
The worksheets that are developed meet the principles of learning that can motivate students. One way to motivate students through learning is to provide goals and benefits to students. Scientific literacy oriented worksheets give positive responses about this. Of the 15 students who were subjected to limited trials, 87% of students said that worksheets could help connect material learned in class to their usefulness in daily life. The statement can be viewed from the students' answers to the following worksheets: Based on the results and discussion of research data that has been done it can be concluded that the scientific literacy worksheets on the material of chemical bonds are said to be valid and practical because they meet the following criteria: A. Fulfill validity both valid in content and construct. 
